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An Optoelectronic Package 

The present invention relates to an optoelectronic package 
including a housing for one or more optoelectronic 
5 components, for example a semiconductor laser transmitter or 
a photodiode. 

Optoelectronic components often include a housing, either to 
protect the components from dust or dirt that might interfere 
with optical transmission to or from the components or to 
allow ease of interconnection to or from the optoelectronic 
components. Environmental protection from oxygen or water 
vapour is sometimes also needed in order to achieve a useful 
operating lifetime. Some optical transmitter devices are held 
within a housing in order to improve eye safety or so that 
other devices such as an optical fibre connector can readily 
be connected to the transmitter device. 

One common type of housing is the TO-header style coaxial 
20 package. This consists of a cylindrical metal housing with an 
axial window on an upper surface of the housing, and a number 
of electrical connection pins extending away in an axial 
direction from the opposite lower surface of the housing. 

25 The metal housing provides excellent protection for any 
optoelectronic components within the housing, but creates 
problems in making electrical connections to such components. 
A conventional way of making such connections is to provide 
glass-insulated metal feedthroughs in the base to isolate the 

3 0 connections from the housing. This creates a lack of design 
flexibility as all components must be at the same potential 
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as the housing base, or else isolated from the housing base. 
If wire bonds are used, the connections may need to be 
relatively long to reach from a feedthrough pin to the 
required component. Such long connections can limit high 
frequency performance, for example performance in excess of 
about 2GHz. It is also the case that conventional 
feedthroughs generally include metal pins formed from an 

TM TM 

alloy such as that sold under the trade mark Kovar . Kovar 
is a trade mark of CSR Holdings, Inc., a subsidiary of 
Carpenter Technology Corporation. Kovar is a metal alloy 
whose thermal expansion matches that of glass/ceramic. 

Unfortunately, such pins are not ideal for high speed 
interconnects due to their induction. Careful attention must 
be paid to the interconnection with external components or 
circuit boards in terms of the pin length, form and shape. 
These feedthroughs can be difficult to optimize for fixed 
impedance transmission lines. 

The space available within the housing for components can 
also be limited owing to the large area taken up by the glass 
seals. The maximum number of feedthroughs is similarly 
limited . 

It is also necessary with glass- insulated metal feedthroughs 
to avoid introducing mechanical stresses in the feedthrough 
that can induce cracking. Therefore, when an external 
connection pin is to be curved, for example at right angles, 
the curved section of the connection pin must be separated 
from the feedthrough by about 3 to 4 mm. This increases the 
total size of the optoelectronic package. 
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One way to deal with these problems is to mount components on 
a printed circuit board (pcb) , and then mount the pcb inside 
the metal housing. This allows for easier electrical routing 
5 within the housing, but increases the component count and 
assembly procedures. There also remain issues associated with 
alignment and connection of this subassembly to the 
feedthroughs in the housing base. This approach does not 
address the problem of the limited maximum number of 
10 feedthroughs . 

According to the invention, there is provided an 
optoelectronic device, comprising an open-ended metal 
canister, an insulating substrate, at least one 
15 optoelectronic component mounted on said substrate, and one 
or more electrical connections made to said component (s) , 
wherein: 

the insulating substrate closes the open end of the 
metal canister so that the metal canister and insulating 

2 0 substrate together form a housing for one or more of said 

components mounted on the substrate; 

the insulating substrate acts as a circuit board to 
carry said electrical connections from said component (s) 
externally of the housing; and 
25 - the canister has at least one optical port by which 

optical radiation may be transmitted into and/or out of said 
housing . 

The electrical connections may be carried by the substrate in 

3 0 a variety of ways. For example, one or more of the 

connections may include a via that extends through the 
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substrate to an external side of the substrate. Such a via 
does not require the glass insulation needed with an 
all-metal conventional substrate. As a result, such vias can 
be packed more closely together, either allowing the device 
5 to be miniaturised or allowing a greater number of external 
connections to be made. 

Another way of making an electrical connection is to use a 
track on or within the substrate that extends towards an edge 

10 of the substrate. A combination of vias and tracks may be 
used to make the external connections, or to make 
interconnections with one or more components inside the 
housing, particularly if the substrate is a multi- layer 
substrate. Thus the invention facilitates the making 

15 electrical connections internally and/or externally of the 
housing . 

The invention may also be used with different types of 
optical port, for example one or more optical windows or 

2 0 lenses, or receptacles for a connector of another component, 

such as an optical fibre. 

The canister may be bonded to the substrate, for example by 
glue, solder, brazing or by welding. The substrate may 
25 therefore include a printed metallic layer to which the open 
end of the canister is bonded, for example by projection or 
resistance welding. This is particularly useful in forming a 
hermetically sealed housing. 

3 0 The invention will now be further described, by way of 

example, with reference to the accompanying drawings, in 
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Figure 1 is a is a perspective view of an optoelectronic 
device comprising a prior art all-metal housing in the 
form of a TO-header style coaxial package, the housing 
having a metal base that has been laser welded to a 
metal canister that has a central circular window; 

Figure 2 is a perspective view of a prior art metal base 
similar to that of Figure 4, showing how a number of 
pins may be bent through 9 0 degrees; 

Figure 3 is a perspective view of an optoelectronic 
device according to a first embodiment of the invention, 
comprising a housing in the form of a TO-style coaxial 
package with a metal canister bonded to a square 
multi- layer ceramic base having surface and embedded 
circuit tracks connected by vias; 

Figure 4 is a perspective view of an optoelectronic 
device according to a second embodiment of the invention 
similar to that of Figure 4, but having a single-layer 
circular ceramic base an a number of axial contact pins; 

Figure 5 is a perspective view of an optoelectronic 
device according to a third embodiment of the invention, 
comprising a housing having a metal canister bonded to a 
circular ceramic base, the canister having a socket into 
which is plugged a fibre optic connector; 

Figure 6 is a perspective view of a fourth embodiment of 
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the invention, comprising a housing with a ceramic 
substrate bonded to a metal canister having a central 
circular window, the ceramic substrate being mounted on 
a printed circuit board; 

Figure 7 is a perspective view of a fifth embodiment of 
the invention, comprising a housing having a flex 
circuit strip bonded to a metal canister that has a 
window; 

Figure 8 is a side view of a sixth embodiment of the 
invention, similar to that of Figure 6, but having 
electronic components mounted on both sides of the 
ceramic substrate . 

Figure 1 shows a prior art optoelectronic device 1 comprising 
an all-metal housing 2 in the form of a TO-header style 
coaxial package. The housing has a metal substrate or base 4 
that has been projection welded to a metal canister 6, shown 
here in phantom outline, having an optical port in the form 
of a central circular window 8 by which optical radiation 10 
can pass through the housing 2 on its way to or from an 
optoelectronic component 12, for example a laser diode, 
within the housing 2. The laser diode 12 is mounted directly 
on a conducting upper surface 13 of the metal base 4 . 

Electrical connections to the laser diode 12 are made by five 
connection pins 19 that extend away in an axial direction 
from a lower surface 15 of the base 4. In order to 
accommodate the area needed for five pins 19, the device 
needs to be at least about 6 mm in diameter. Because the base 
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is made from metal, it is necessary to insulate the pins 19 
from the base 4. Each connection pin 19 therefore extends 
within an insulating glass sleeve 16 through a hole 18 in the 
base 4. The holes 18 take up a significant fraction of the 
available area of the base upper surface 13 . 

Electrical wires 20 are then wire-bonded from the pins 19 
within the housing 2 to the optoelectronic device 12 . 

Figure 2 shows how the pins 19 can be bent through right 
angles when for example the prior art device 1 is to be 
mounted on a circuit board (not shown) and receive or 
transmit optical radiation parallel to the plane of the 
board. The size of the housing and distance required for 
mechanical relief, typically 10 mm in diameter, imposes a 
minimum length on the curved pins 19, which may limit the 
frequency at which the prior art device 1 can operate. If a 
smaller housing is used, for example a 3 mm diameter housing, 
then it becomes very difficult to provide five pins 19. A 
3 mm housing would typically be limited to about two pins. 

Figure 3 shows an optoelectronic device 3 0 according to a 
first embodiment of the invention, comprising a housing 32 in 
the form of a TO- style coaxial package with a generally 
cylindrical metal canister 36 bonded to a square multi-layer 
insulating ceramic base 34. The canister 36 has a circular 
window 38 for allowing optical radiation 45 to pass into or 
out of the canister on its way to or from at least one 
optoelectronic component 42 within the canister 36. 

The base has an upper surface 43 with a number of metalised 
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areas, including an annular metalised ring 3 5 to which an 
open circular end 37 of the canister 36 is bonded, for 
example by soldering, brazing or projection or laser welding. 

5 The canister 36 is shown in phantom outline so that various 
internal components within the housing 32 can be seen. These 
components include the optoelectronic component 42 which is 
mounted on the upper surface 43 of the ceramic base 34. The 
optoelectronic component 42 is connected to other electronic 
10 components 41 by metalised tracks 3 9 on the ceramic upper 
surface 43 . 

The ceramic base 34 shown in Figure 3 has two layers 31,33, 
between which are sandwiched electrical tracks 44 that lead 
15 to an exposed edge 47 of the device 30. Vias 49 extend 
between the sandwiched tracks 44 to the metalised surface 
tracks 39. External electrical connections to the device 30 
can therefore be made from the sandwiched tracks 44 at the 
exposed edge 47 of the device 30. 

20 

The device 3 0 offers a number of advantages, particularly the 
ability to incorporate and position components 41,42 within 
the housing 32 essentially without regard to the number or 
position of the external electrical contacts to the 
25 sandwiched tracks 44. 

Figure 4 shows an optoelectronic device 50 according to a 
second embodiment of the invention. The device 50 has a 
housing 52 with a cylindrical metal canister 56, and internal 
30 optoelectronic components (not shown) similar to that of 
Figure 4. The device 50 has a circular optical window 58 that 
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allows optical radiation 55 to pass into or out of the 
canister, as described above for the first embodiment 30. The 
device 50 differs from the first embodiment 3 0 in that the 
housing 52 is connected to a circular single-layer insulating 
5 ceramic base 54 through which pass a number of vias. Pins 59 
are brazed to the ceramic base 54, for example to contact 
pads (not shown) that are electrically connected to the 
components. Electrical surface tracks (not shown) similar to 
those shown in Figure 3 can then be made to the internal 
10 components . 

The device 5 0 provides the advantage that the package and pin 
configuration can be made plug-compatible with existing 
TO-style optoelectronic packages. 

15 

Figure 5 shows an optoelectronic device 60 according to a 
third embodiment of the invention. The device 60 is similar 
to that of the device 50 shown in Figure 4, having a 
cylindrical metal canister 66 and a single layer ceramic base 

2 0 64 forming a housing 62, but instead of a window 58 has an 

optical port in the form of a socket 68 into which is plugged 
a fibre optic connector 61 for a pluggable patch or 
alternatively modified for a fibre pigtail 69 that carries 
optical radiation 65 to or from the optical port 68. 

25 

Figure 6 shows an optoelectronic device 70 according to a 
fourth embodiment of the invention. The device 70 is similar 
to the device 3 0 of Figure 3, comprising a housing 72 with an 
insulating ceramic substrate 74 bonded to a metal canister 76 

3 0 that has a central circular window 78. Optical radiation 75 

may pass through the window 78 on its way to or from the 
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housing 72. The ceramic substrate 74 may be single-layer or 
multi-layer, and extends laterally away from the housing 72 
to facilitate a connection with a printed circuit board (pcb) 
71. Electrical tracks 79 may be provided on either side 73,77 
5 of the ceramic base 74 to make electrical connections with 
the pcb 71. The tracks 79 may terminate in through pins for 
solder connection to matching through holes in the pcb 71. 
Alternatively, the tracks 79 may wrap around the end of the 
substrate 74 for surface mount soldering to the pcb 71. 
10 Tracks 79 on the same side 73 of the base 74 as the metallic 
canister 76 may pass under the canister 76 if there is an 
intervening insulating layer, which may be a lithographically 
defined printed layer (not shown) . 

Figure 7 shows a fifth embodiment of the invention 80, 
comprising a housing 82 having a flex circuit strip 84 bonded 
to a cylindrical metal canister 86. The flex strip may be 
made from a high performance insulating polymer such as 
polyimide. The canister 86 has a relatively large window 88 
with a diameter similar to that of the canister 86, and would 
be suitable for use with large area optoelectronic components 
82, a example photo-detector for detecting optical radiation 
85. Electrical tracks 89 for making electrical connections 
with components 81,82 within the housing 82 may be printed on 
one or both sides 83,87 of the flex circuit strip 84. 

An insulating base used with the invention is not restricted 
in its size or shape, and can be optimised for a particular 
application. Active and passive components can lie on either 
3 0 side of the substrate inside or outside the canister. 
Therefore , Figure 8 shows a side view of a sixth embodiment 



30020516 .doc 



- 11 - 



90 of the invention, similar to that of the Figure 6, having 
a generally cylindrical metal canister 96 an open end 107 of 
which is bonded to a rectangular ceramic substrate 94 . The 
sixth embodiment differs in that an optical port has a lens 

5 98 and electronic components 91 are mounted on both sides 
93,97 of the ceramic substrate 94. The electronic components 

91 may be connected electrically to an optoelectronic 
component 102 within the housing 92 by tracks (not shown) and 
vias 109. The sixth embodiment also differs in that the 

10 tracks wrap around an end 99 of the substrate 94 so that 
metal leads 100 can be soldered to the tracks. The leads 
extend generally perpendicularly from the end 99 of the 
substrate 94 to allow the device 90 to be soldered to a pcb 
101. The leads are sufficiently long to allow for mechanical 

15 tolerances, and may also include a flexible middle portion 
102 to provide strain relief. 

In any of the embodiments described above, the housing may be 
hermetically sealed, if required. Ceramic materials are 

2 0 inherently good barriers to oxygen and water vapour. The 
choice of substrate depends on the specific application. A 
ceramic substrate, such as alumina, allows for compact 
routing and tracking of electrical contacts. Wire and tape 
bonding of interconnects between components may also be used. 

25 Polymeric substrates can include suitable barrier layers. A 
good seal can be made between the metallic canister and the 
base by brazing directly to the base, or by providing a 
metalised upper layer on the base to which the canister may 
be soldered or welded. 

30 

As an alternative to alumina, insulating materials that may 
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be used in the formation of the base include aluminium 
nitride, silicon carbide, diamond, quartz, sapphire and pcb 
materials. 

Although ceramics are generally weaker than metals, they are 
generally stronger in compression than in tension and able to 
cope with the compressive forces involved in resistance 
welding . 

The invention facilitates the incorporation of more 
components within the housing and offers greater 
functionality and better performance in a given size of 
package. The invention also may also make use of assembly 
techniques already used in with standard header packages on 
established assembly lines. 

Multi-layer bases allow for the incorporation of internal 
tracking, which improves space utilisation. There is also the 
possibility of incorporating passive components within a 
multi-layer structure. Both features enable package size to 
be minimised. The use of multiple power and ground planes, 
for example on an internal or a rear surface of the 
substrate, is possible whereas an all-metal housing can only 
achieve one potential. 

Both sides of the base can be populated with passive and 
active components. For example, when the optoelectronic 
device includes an optical receiver, a photodiode and 
pre-amplif ier integrated circuitry can be housed along with 
any necessary passive components, whilst a post-amplifier 
chip can mounted onto the reverse side of the substrate. This 
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close packaging allows improvements in high frequency 
performance. The lens/window optical port can also form a 
hermetic environment if required. Standard all-metal housings 
tend to restrict the positioning of components because of the 
lead out and lack of space to populate both sides of the 
housing base. 

The lens/window cap does not have to occupy the entire face 
of the ceramic substrate and does not need to be centrally 
located. For example, the optical port may be a window on a 
side wall of a cylindrical canister. The invention therefore 
offers the additional flexibility of allowing optical or 
opto-electronic components to be mounted outside of such a 
laterally directed window, for example on a lateral extension 
of the base. This can enable improvements in performance at 
high frequencies, and allows for design optimisation in 
certain applications. Thus, the invention is applicable to 
designs where the optical centre line cannot lie along the 
axes of the package as in a traditional coaxial arrangement, 
for example in a duplex connector. In this example, the 
substrate can be extended asymmetrically for mounting of the 
optical or optoelectronic components outside the area within 
the housing, whilst the canister remains on the optical 
centre line along with the necessary opto-electronic devices. 

An electrically insulating base, particularly a ceramic base, 
can include thermal vias for the effective conduction of heat 
from critical areas or components, as well as electrical vias 
for interconnection or for providing conductive paths for 
assembly techniques such as projection welding. 
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The dielectric properties of a ceramic base combined with the 
process tolerances for metallisation means that well-defined 
transmission lines can be formed that are impedance -matched 
according to the requirements of the application. This allows 
the package to be used in high-speed applications, for 
example in 2 + GHz fibre optical communications. The RF path 
to optoelectronic components may include differential or 
single ended tracks. Vias and ground planes may be 
incorporated that are optimised for such high frequency 
applications . 

Different methods of interconnection between the 
optoelectronic package described in this invention and back 
end electronic assemblies are possible because of increased 
flexibility in the positioning of electrical f eedthroughs . 
The optoelectronic components may be connected externally by 
tracks and vias to brazed rectangular or cylindrical leads, 
flexible printed circuits, elastomeric connectors and 
solderball bumping techniques. Some of these methods offer 
improvements in electrical performance over the standard 
cylindrical lead f eedthroughs at high frequencies, and also 
make the relative positioning of the optoelectronic package 
and back end electronic assemblies less sensitive to 
tolerancing discrepancies . 

Components mounted on the base may be either active or 
passive. In general, for fibre optic applications there will 
be at least one active opto-electronic device. This will 
usually have to be aligned with a predetermined accuracy to 
the optical port. This can be achieved with various methods 
depending on the accuracy required. Standard pick and place 
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machines can be used, additionally fiducials can be patterned 
in the metallisation on the base to help with visual 
alignment. Many other techniques can be used including 
forming mechanical features on the base to hold or align 
5 components . 

Methods of attaching the base to the canister may include 
soldering or conductive epoxy gluing depending on the 
requirements of the packaging environment. The base can also 
10 be designed to be compatible with automated or manual wire 
bonding . 

The canister need not be bonded directly to the base, but may 
be bonded using an intervening preform such as a metal ring 
15 that has been previously bonded to the base. The preform then 
forms part of the canister as bonded to the substrate. 

The substrate can be any type of substrate, including rigid, 
flexible, or a laminated combination of flexible and rigid 
20 substrates. 

The metal canister can be isolated from the base or connected 
to ground as required by the application. Isolation can be 
achieved for example with a non-metallised ceramic ring onto 
25 which the canister is attached. The non-metalised ring then 
forms part of the substrate . 

The invention permits the use of a variety of interconnection 
techniques for connecting to external components or printed 
3 0 circuit boards. For example, the base may terminate in a 
connector that can be connected to a matching connector on a 
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circuit board. A flex strip may be used to provide a flexible 
connection between a rigid ceramic base and another fixed 
component or circuit board. A single layer ceramic base may 
have around- edge tracking, that is, tracking over edges of 
5 the base or from one side of the base to the opposite side. 
This is useful for either the attachment of brazed leads or 
for solder bumping. 

The invention therefore improves the ability to fit multiple 
components into a TO-header style coaxial package for use in 
applications such as fibre optic communications. The 
invention helps to increase the number and types of 
components that can be mounted in the package whilst keeping 
the overall package dimensions to a minimum. 

The invention permits package designs that are compatible 
with existing manufacturing techniques and processes for high 
volume and low cost production. The invention also 
facilitates the use of a number of techniques to achieve high 
frequency operation, for example, the use of vias and printed 
tracks . 

It is to be appreciated that certain features of the 
invention, which are, for clarity, described in the context 
25 of separate embodiments, may also be provided in combination 
in a single embodiment. Conversely, various features of the 
invention which are, for brevity, described in the context of 
a single embodiment, may also be provided separately, or in 
any suitable combination. 

30 
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